ABSTRACT From ItSl-albumin studies and previously defined mathematical formulations, rates of breakdown were estimated for native plasma albumin in rabbits. These rates of catabolism per unit weight of animal were remarkably constant and were independent of variations in the steady state values of albumin concentration in the plasma. These results imply that, at least between animals, the breakdown of plasma albumin follows a kinetic process of approximately zero order. It seems plausible that the process operates similarly in individual animals, and hence that albumin is maintained at normal steady state levels in the healthy animal primarily by means of a regulated rate of synthesis.
described (1) . The weights given in Table I were the mean weights during the first 10 days of the experiments. The hematocrit values of heparinized whole blood are corrected for trapped plasma (0.03 of the packed cell volume) and are mean values for the first 10 days of the experiments. Plasma volume (P. V.) was determined from the quotient of the activity of the injected I131-albumin divided by the activity per milliliter of the plasma sample, withdrawn approximately 10 minutes after the injection. Blood volume (B. V.) was determined from the equation B. V. = P. V. X 100/(100 -0.9 H), in which H is the corrected per cent hematocrit value (6) . Three animals, Nos. 5-94, 5-98, and 5-99, were exercised twice daily by 20 minutes of running in a rotating cage. No. 5-94 was exercised for about 1 week before, and during the course of the experiment, Nos. 5-98 and 5-99 for a number of weeks before, and during the course of the experiment. The latter two rabbits in particular were lean, muscular, and vigorous.
R E S U L T S
A. GENERAL OBSERVATIONS Table I summarizes measurements and calculations of k3 and ks~ on nine rabbits for which complete data are available and Table II presents the same results expressed per kilogram body weight. The calculations of ks were made with Equations 7, 8 , and 9 of the previous paper (1) with k4 set to 0 and it has already been shown (1) that these values must be near to the true values. All rabbits appeared healthy and Table I shows little variation in their hematocrit levels, 37 to 44.5 with a mean of 40.7 and their total plasma proteins, 5.8 to 6.4 gm. per cent with a mean of 6.2. There was more variation in the plasma albumin concentration, which ranged between 2.95 and 4.1 gm. per cent, with a mean of 3.6. Rabbits 1-11 and 1-01 showed low levels of plasma albumin compared with the others. Table II shows that the exercised rabbits had higher plasma volumes than the mean of 30.6 ml./kg, and rabbits 1-02 and 1-01 had lower levels; the exercised rabbits also had higher levels of blood volume than the mean of 47.4 ml./kg., and rabbits 1-02 and 1-01 had lower levels. Certain correlations between the measurements of Tables I and II and k3x and ks  are now examined. B. RATE OF BREAKDOWN OF ALBUMIN k3~ This rate has the units of grams of albumin/day, and Table I shows a mean rate of breakdown of 0.84 g m . / d a y with a range of 0.63 to 0.94. Table II shows that if the values of the exercised rabbits, 5-98 and 5-99, are excluded, the breakdown rate per kilogram rabbit is remarkably constant, ranging between 0.23 and 0.26 gm./day. Rabbits 5-98 and 5-99 had much less subcutaneous fat than the others and the probable reason for the higher values in them is the higher proportion of "lean body mass" to total body weight in them. Fig. 1 a shows that k3~/kg, is quite independent of the plasma albumin concentration, par- ticularly among the animals that were not exercised. There are no strong correlations as judged from the plots (not shown) of k3~ with the volume of plasma, the volume of blood or the total plasma albumin,~.
C. FRACTIONAL RATE OF BREAKDOWN OF TOTAL PLASMA ALBUMIN~ k~
The tracer rate constant, k3, has the units of the fraction of tracer, x, removed by catabolism per day. In the Appendix it is established that this fractional rate in the single experiment is identical with the fractional rate of breakdown of ~, the total plasma albumin. Table ! FmURE 1 a. The rate of breakdown of albumin per unit body weight, k3.~/W (gin. albumin/kg, day), plotted against the concentration of albumin in the plasma (gin./ liter). The diamonds, 0, represent the exercised animals. Excluding the exercised animals, because of their greater proportion of "lean body mass," the catabolic flux is seen to be independent of the concentration. This relationship indicates that the catabolic process is of zero order, as noted in the Appendix, Equation 6 . show no clear correlation of k3 with body weight, the volume of plasma or of whole blood. However, there is some correlation between k3 and the reciprocal of the albumin concentration, and Fig. 1 b shows clear correlation between k3 and the reciprocal of ~/kg. The two exercised animals, 5-98 and 5-99, differ a little from the others, but in a way to be expected from their greater lean body mass.
D I S C U S S I O N
Because of the stability of albumin, and of I131-albumin when kept sterile, Ira-albumin in the body must be catabolized by proteolytic enzymes. Since we find no evidence of breakdown in rabbit blood (1), these enzymes must be situated either on the internal surfaces of vessels, or at extravascular sites such as on the surfaces of, or inside, cells. Fig. 2 , taken from model D (1), represents the various breakdown sites as a single compartment outside the plasma containing ~, grams of albumin reacting with proteolytic enzymes. In theory, the rate of breakdown might be controlled either by the rate at which albumin enters the breakdown compartment, when the proteolytic enzymes are in excess, or by the quantity of the proteolytic enzymes, if these are maintained saturated or nearly saturated with substrate. In the former case, if the rate depends, for instance, on diffusion or on an unsaturated transport mechanism (7), it should have the characteristics of a first order ;? ---total intravascular albumin (gin.). k8 = fractional rate constant acting on 2. ka; = breakdown of albumin (gm./day).
= quantity of albumin reacting with proteolytic enzyme in the breakdown site.
rate process. If, however, the transport system to the breakdown site or the proteolytic enzymes in the site were saturated with albumin, the behavior should be zero order. Assuming that each of the animals of Tables I and II was healthy, the data in these tables may be used to distinguish between these two possibilities. Two findings are then clear: (1) Excluding for reasons already given, the exercised animals, 5-98 and 5-99, the rate of catabolism
per unit body weight, k3Yc/W, is remarkably constant irrespective of the plasma albumin concentration ( Fig. 1 a) ; (2) the tracer rate constant, k3, is not independent of the plasma albumin concentration, but rather varies approximately as its reciprocal (Fig. 1 b) . In the Appendix it is shown that (1) implies a zero order process. It is also shown that if the breakdown of native albumin follows a first order rate process, then k3 should be independent of plasma albumin concentration which (2) contradicts. Finally, the Appendix shows that higher order catabolic processes can be ruled out.
These findings strongly suggest that within this range of albumin concentration, the rate of albumin breakdown is controlled by a saturated proteolytic enzyme system or transport system, the activity of which closely parallels body weight. This conclusion assumes, of course, that the behavior of the process between animals is indicative of the nature of the process within individual animals, and it does not preclude an unsaturated system at lower albumin concentrations. These ideas are at variance with other current ideas. Thus Gitlin (8) on the basis of the exponential decline of gamma-globulin infused into the blood stream of children suffering from agammaglobulinemia, and of fibrinogen infused into children with afibrinogenemia, concludes that breakdown of the plasma proteins follows a first order rate process, and McFarlane (9) on the basis of the exponential decline of infused pneumococcus antibody globulin in rabbits, and other less direct evidence, comes to the same conclusion. Such evidence is suggestive but may only be relevant for plasma globulins. McFarlane (9) proposes as a possible mechanism of regulation of plasma protein level a constant rate of synthesis by the liver and an exponential rate of breakdown. Our results suggest for albumin in healthy animals the direct opposite, namely a variable (regulated) rate of synthesis and a relatively constant rate of breakdown. At present little is known about the factors affecting albumin breakdown in man or animals. Rothschild and collaborators (10, 11) have shown by measurements of the breakdown flux with P31-albumin that desiccated thyroid, prednisone, and hydrocortisone may increase the rate of breakdown in patients by 30 per cent. It has been claimed (I 2) that a protein-free diet in rats may reduce, and a high protein diet m a y increase, the rate of albumin breakdown, though objections may be raised to the methods used for calculating breakdown flux, and to some of the animals not being in a steady state. Presumably these hormone and dietary effects act on the enzyme or transport system. Something is known of the breakdown sites. The experiments of Miller and coworkers (2) with isolated perfused rat livers showed that C~40~ was released when C14-1abelled plasma proteins were perfused. Gordon (3) and Cohen and Gordon (5) showed that the rate of release of I TM from "screened" preparations of rat I13~-albumin by the isolated perfused rat liver could only account for from one-tenth to one-seventh of the rate of breakdown in the living rat. Gitlin and coworkers (4) claim that the kidney and reticulo-endothelial system of mice are also sites of breakdown of I181-albumin, but the experiments of Freeman and coworkers (1 3) using the isolated perfused rat liver seem to exclude the Kupffer cells as sites of breakdown of I~3~-albumin. In the living rat Freeman and coworkers found that injections of carbon particles increased the fractional rates of breakdown of DS~-albumin but greatly depressed the plasma albumin concentrations. Their data are insufficient to determine whether the carbon injections altered the absolute breakdown flux in the whole animal, but they might perhaps be explained by reduced synthesis with not greatly altered breakdown of albumin. in which the bracketed derivative is understood to be that rate of change of x(t) related to the breakdown process. In the last term, consider again, # H-x ~---#, so that
in which k3 = B/~ represents a first order rate constant of Ira-albumin breakdown under these conditions, irrespective of the order of the reaction governing the catabolism of native albumin, as was assumed in the previous paper (1). Thus k3, the fractional rate of breakdown of IlZUalbumin, is also under these conditions identical with the fractional rate of breakdown of native albumin, and B = k3g.
B. T H E R E L A T I O N S H I P B E T W E E N T H E T R A C E R R A T E CONSTANT ks, T H E F L U X , k3x, AND T H E PLASMA ALBUMIN C O N C E N T R A T I O N . ~, W I T H D I F F E R E N T ORDERS O F T H E B R E A K D O W N PROCESS IN A SERIES OF EXPERIMENTS S u p p o s e
that an animal c a n change from one steady state, in which d~,/dt = ~ --B = 0 and ~ is fixed in value, to another, in which ~ has changed and k8 = B may or may not have changed. The breakdown process acting on native albumin might obey zero order, first order, or n order kinetics. Let kb represent the rate constant of any order of catabolic reaction. In conformity with classical kinetic theory kb "acts" on the concentration of albumin raised to some power. Let ~ (gm./liter) be the albumin concentration; then kg", in which n = 0, 1, 2 ... or some fractional power, is the order of the reaction, and is related in some way (requiring definition) to B, and hence to ks~. CASE 1 Suppose the breakdown occurs through all the plasma and is mediated by proteolytic enzymes contained in the plasma. Note that ~ is defined by ~V, in which V(liters) is the volume of plasma and hence also the volume through which the catabolic enzyme is distributed. It thus follows that and hence
Reasons have already been given for concluding that breakdown does not occur in the plasma and therefore case 2 is considered. CASE 2 Suppose, as in Fig. 2 , that breakdown takes place in a breakdown compartment containing V grams of albumin. This albumin may be pictured quite generally as that reacting with an enzyme system or distributed through a certain volume of catabolic cells, or may further be considered as that reacting with some transport system. Let V = v(6g), in which it is assumed that the concentration associated with ~ is a constant fraction, 6, of the albumin concentration in the plasma, g, and v may be considered the volume of distribution for ~. Since v, unlike V, cannot be measured, it is presumed to be directly proportional to body weight, W (kg.). Thus v = jW, in which j is a constant. 
